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Summary
The present study was carried out to evaluate the effect of Lung cancer remains an overwhelming oncologic problem because of its high incidence, low surgical curability, and the failure of conventional systematic treatments to cure it. More recently, N-acetyl cysteine (NAC) has gained widespread attention as a potential cancer chemopreventive agent against cancer [1] . It is generally accepted that lung cancer occurs in several steps. This multistep nature of the carcinogenic process raises the possibility of intervention at different stages [2] . Metabolism of carcinogens is affected and governed by the balance between opposite forces such as metabolic activation and detoxification (of carcinogens) and consequent formation and scavenging of reactive metabolites (radicals) as well as damage and repair of DNA [3, 4] . Metabolic conversion of carcinogens results in the formation of DNA adducts, which initiate carcinogenesis leading to gross tumors [5] . Hence the search has been under way for an agent that can act against reactive metabolites (radicals), thus acting against cancer.
It is reported that NAC was able to inhibit the formation of carcinogen-DNA adducts [6] which is regarded as one of the first steps of carcino genesis. Vitamin C (VC), an antioxidant vitamin, on the other hand, is widely receiving attention as an anticancer vitamin. Initially, Cameron and Pauling [7] demonstrated that ascorbic acid has an antitumoral activity. Later on, several studies were carried out proving its anticancer effect [8] [9] [10] .
Since free radical stress has been implicated in malignancy [11, 12] , clinical trials of antioxidants are required to establish the efficacy of antioxidant therapy in the management of cancer. Therefore, the present study was designed based on the fact that NAC is a glutathione precursor and the hypothesis that combined factors, instead of a single agent, may be more beneficial against malignancy.
MATERIALS AND METHODS
Malignant lung cell line NCI-H82 was obtained from National Centre for Cell Science, Pune, India. The cells were maintained in RPMI-1640 containing 10% fetal calf serum, glutamine (2 mM) and the antibiotics penicillin (100 units/ ml) and streptomycin (100 ,u g/ml). The cells were maintained in 7% C02/93% air.
The cells were seeded in tissue culture bottles at a cell density to ensure that cells were in their exponential phase at the time of experiments, with the lines refed with fresh medium 48 h prior to harvesting. The cells were divided into four groups: Group I, NCI-H82 (control); Group II, NCI-H82 supplemented with 15 mM NAC; Group III, NCI-H82 supplemented with 50,ug/ml of VC; Group IV, NCI-H82 supplemented with 10 mM NAC and 25 lug/ml of VC. The last group was included in order to evaluate the effect of the combination of NAC and VC in reduced concentrations compared with their single use in Groups II and III.
All of the groups were incubated for 48 h after the addition of the drugs to the last three groups. At the end of the incubation period, the cells were collected with a rubber policeman and were washed in ice-cold, phosphate-buffered saline. These cells were used for the following estimations after determining the trypan blue exclusion pattern [13] .
Lipid peroxidation (LPO): LPO level was estimated by using thiobarbituric acid, and LPO was expressed as nanomoles of MDA [14] .
Reduced glutathione: Reduced glutathione was estimated using dithionitrobenzoic acid, and the absorbance was read at 412 nm [15] .
Superoxide dismutase (SOD): SOD activity was estimated by the method of Misra and Fridovich [16] using epinephrine oxidation. One unit of SOD activity was defined as that amount of protein required to give 50% inhibition of epineph-
rive autooxidation. Catalase (CAT): CAT activity was estimated by following H2O2 decomposition [17] .
Glucose-6-phosphate dehydrogenase (G6PD) was estimated by the method of Bacquer and McClean [ 18] , using glucose-6-phosphate and nicotinamide adenine dinucleotide phosphate (NADP).
Glutathione peroxidase (GSH-px): GSH-px was assayed by using dithionitrobenzoic acid, and the absorbance was read at 412 nm [19] .
Glutathione-S-transferase (GST): GST was assayed by a conjugation with chlorodithionitrobenzene [20] .
Glutathione reductase (GR): GR was assayed by following the method of Dubler et al. [21] , with oxidized glutathione (GSSG) used as the substrate.
The experiments were done in triplicate and were repeated twice (n = 6). The statistical significance was assessed by Student's t test, and p values were expressed. The significance was accepted at p<0.05. All the data were expressed as the mean + SD.
RESULTS
From Fig. 1 it is evident that the viability of the cells was obviously greatest in Group I (cells without any supplementation of the drugs), as shown by the increased exclusion of the dye. The other consecutive groups, which had received NAC, VC, and both NAC and VC, showed a decrease in the exclusion of the dye.
It is evident from Table 1 that the level of lipid peroxidation was the most Vol. 26, No. 1, 1999 pronounced in the cells without any supplementation. Upon supplementation with NAC and VC, the level of LPO was found to be considerably reduced in Group II (p < 0.001) and Group III (p<0.05) when compared with that of Group I. The supplementation of combined drugs resulted in effective minimization of LPO (p<0.001). GSH, which was found to be depleted in Group I was considerably elevated in Groups II (p<0.001) and III (p<0.05). Group IV showed profound elevation of GSH (p<O.OOI), thus exhibiting the combative action towards the oxidative stress. The effect observed in Group IV suggests that the lower concentration of NAC could be used to achieve a similar beneficial effect if used in combination with VC with minimal side effects. This is an important point, because NAC has been reported to cause side effects such as nausea, vomiting, gastrointestinal disturbances, etc. [22] . Table 2 shows the activities of various antioxidant enzymes. The activities of SOD, CAT, and G6PD, which were found to be minimized in Group I, could be elevated by the drugs, both when added individually and in combination: NAC supplementation elevated the activity of SOD and of CAT in Group II (p<0.01) when compared with those activities in Group I. VC also exhibited a considerable elevating effect on SOD and CAT (p <0.05 and p<0.02, respectively). The activity of G6PD was found to be increased on the addition of NAC or VC (p<0.01), which activity was found to be low in Group I without supplementation of the Table 1 . Levels of lipid peroxides and glutathione of the four groups.
NCI-H82 Control (Group I), NCI-H82+NAC (Group II), NCI-H82+VC (Group III), NCI-H82+NAC+VC
(Group IV). drugs. The supplementation with the combined drugs resulted in significant elevation in the activity of G6PD (p<0.001) when the activity of Group IV was compared with that of Group I. The activities of glutathione-dependent enzymes, namely, GSH-px, GST, and GR, were observed to be increased on supplementation with the drugs. The activity of GSH-px, showing a comparative increase (p <0.001), was found to be associated with the individual supplementation with either NAC or VC. Their combination also effectively resulted in the increased activity of GSH-px. The activity of GST was elevated on NAC supplementation (p<0.01) and on VC supplementation(p< 0.05), as well as when both (p<0.01) were added. The activity of GR was found to be elevated by individual supplementation with NAC or VC (p<0.01), and the combination of the drugs likewise caused a significant elevation in the activity of GR (p<0.001).
DISCUSSION
Thiol groups (SH) are essential in the protection against the deleterious effects of reactive oxygen species and hence against cancer. Since these reactive oxygen species are said to be candidates for the development of malignancy [23] , it seems, therefore, that the level of GSH, an antioxidant, would be important in view of cellular responses to cytotoxic drugs. The observed reduction in the level of GSH and activities of antioxidant enzymes in the control NCI-H82 cells compared with those of normal cells confirms the observation of Carmichael et al. [24] , who demonstrated a reduction in the activity of SOD and of CAT in various human cancer cell lines. This depletion of GSH could be due to the oxidative burden in lung cancer cell line. It is also evident from the elevated LPO in Group I, since it is thought that the depletion of GSH is the result of enhanced LPO [25] . This depleted GSH could be responsible for the decreased activities of GSH-dependent enzymes. In the present study, the reduced activity of GR in NCI-H82 cells, which enzyme is responsible for the regeneration of reduced glutathione, would also be partially responsible for the depleted GSH in Group I.
Byproducts of LPO exert severe damage to DNA by causing base hydroxylation and strand breaks. This damage can lead to malignant transformation of cells [26] . Lung cancer is the result of exposure to carcinogens such as oxidants contained in cigarette smoke [11, 12] . Elevated LPO was proven in the lung malignant cells in present study, as a consequence of GSH depletion.
The activities of SOD and CAT showed a reduction because of the excessive LPO, which exceeded the ability of these free radical scavenging enzymes to dismute the radicals. NAC supplementation, on the other hand, elevated the level of GSH, thus suppressing LPO experimentally. Since LPO could be suppressed by NAC, the oxidative burden to SOD and CAT could be reduced, resulting in comparative elevation of their activities after supplementation.
NAC, as a precursor of GSH, is also capable of stimulating enzymes in the Vol. 26, No. 1, 1999 GSH cycle [27] . This is supported by our observation of the comparative increase in the activities of GST, GSH-px, and GST on supplementation with NAC. The protective effect of NAC on the cancer cell line might also be due to its ability to alter the redox balance of GSH [28] , and NAC is said to be consumed more rapidly in the process of protection against cancer cell lines. It is also said that in vitro NAC is able to activate GR, thus enabling rapid GSH regeneration [27] . The increased activities of G6PD and GST confirmed other studies demonstrating increased activities of these enzymes after the administration of NAC [29, 30] . Dietary NAC is said to enhance the activity of GST [31] . NAC both when added individually and in combination led to the enhancement of GST activity. GST has been reported as a metabolic biomarker for predisposition to lung neoplasms, and low or normal activity of these enzymes is associated with increasing incidence of lung cancer [32] . Hence, by stimulating the activity of GST, NAC seems to be effective against lung cancer.
VC is a redox compound that acts as an antioxidant to prevent LPO by quenching free radicals [33] . VC, an effective antioxidant vitamin, acts in combination with GSH against destructive reactive oxygen species. GSH reacts with reactive oxygen compounds, and it functions in the reduction of hydrogen peroxides and organic peroxides in reactions catalyzed by GSH-px (selenium-containing and other). It is well known that ascorbate can also interact with peroxides and other reactive oxygen forms. Such reactions occur nonenzymatically, but the interaction between hydrogen peroxide and ascorbate is enzyme catalyzed in chloroplasts, cyanobacteria, and soybeans [33, 34] , and an analogous reaction may occur in mammalian tissues. It is possible that VC reduces compounds that are not directly reduced by GSH. VC thus protects the GSH content of the cancer cell line, as was evident from the comparative increase in GSH in Groups II and IV over that in Group I. By dismuting free radicals, VC also reduces the oxidative burden against antioxidant enzymes, as was evident from the elevated activities of these enzymes on supplementation. GSH is said to prevent both tumor promotion [35] and progression [36] . From our results, it is evident that NAC enhances the level of GSH and VC reduces the oxidative burden to GSH and thus protects it. By this activity and by increasing the activities of CAT and SOD, which have been reported to prevent oxidant-induced DNA damage [37], NAC and VC could prevent further damage to DNA of lung cancer cells, thus controlling the malignancy. Our observations suggest the enhancement of antioxidant status of NCI-H82 on supplementation with NAC and VC and the inhibitory action of the drugs on the growth of malignant lung cells.
